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^TX^Srffli^Tgfk^ >^f;m^«^T^ y^;m^it«-r« i iCcfc 15 x/N 

±tc7;l/7 7 >^;l/Bi^ttft-rs*ri-r'$.S„ y ;l/ Hi ti , mm-^ti6 t^. 7;!/ 

^ y^'/i/z^U 7Mii. 7;i^7rffiTfe§) . ^ott. 7;i/7 r - > • U 7Ji*a 

y/^Mffl^fflv^T. 7;i/7r-^'>^;i/)l/Jl;&iii«-r5:^ffiT'fef3. cct-. S 10 
{k^ y^7i/Ry"Mi,^T««$nf;^ y^yi/^/Bfi 2 ocD^ijfflo^-v ( I M pxti s 
I p^^>/^) rtT-««Brt6T?^So sfc. Mtca#t$n§o{i. p V D 5? c 



(2) 



JP 2004-525257 A 2004.8.19 



im^m 1 ] 

^ X /N ± jh ^ y ^ ^ « « -r § X ^ -y y i: ; 

7° T ^ o T . Hu IB > K 7 71/ 7 r ffl 5 . HU 12 X r <y 7" i: ; 
tufB^'y^';VS^?im^-ii:> ^nicJ:D> 7;l/77•^>^;^KA^Mla'^x/^±^ciia$ 

n § X 7- >y 7° t ; 

[WjRS 3 ] 

t^igB7x/^•/W7X^i. |^100WA^P)^500W-efc§. IS*«2|2«<D77ffio 
4 ] 

|fifH7x/N • /W 7X{i, ^ 3 0 0 WA^e^ 5 0 0 WT'fe5> W ^ S 3 E « © J* c 
[ftsRiM 5 ] 

t^ItH7;^7r•^y^;^ll^±. eoot^Ji^Sfi-eita^ns. il5l<siE«<^:^ffio 

[ W « S 6 ] 

*u 13 7 ;l/ 7 r • ^ > ^ ;Hi a . S ?a T i« 18 ? n s II * « 5 IH « o ft o 
[ f I « « 7 ] 

it£ # ft 7 X M ± C u U 7 R Of - F 11 % it « -r § 73 ffi T : 

7xM±icg^k^>^;l/S^iia-r§XT>yyi: : 

'>x/^•/^^7X;&^fflLT.t3tHS^l:^>^;^«^«oT^y^^;l'i■^i««1-5Xr-y 
7°-eSoT, fufB:5f >^;l'l*''7;l/7 rfflT'fe§«^^ ^ntCcfcD. tu IB "^^ x /n ± 7 ;l/ 
77 • ^?>^;l/-/^U7)l*««1-5. tufBXx>y:/i: : 

N^itE77^7 7 • ^ V^;!/ • /^'J 7H^aoT C u F]1^««L. ^nic j; t). C u/^ 
U 7&tf -> - K)l*^lufB7x/N±lciiffl?n§Xf->y ^i: : 

c ifl * a 8 ] 

-^x/N • /W7x^^ifflbT. mti'Mit ^ y ^ )]y m ^ m r ^ y ^ )i m ^ i^mt ^ T 

yT?$oT. frifB^' >^;VS*^7;l/7 rffl-efe§> tfifBXr>y7i: ; 

tfilB^ ^ntCcfcD. 7;1'7 7 • >^;H*^MfB'i'x/N±tiia$ 

n ^ X r -y 7" t ; 

^ M ji X. 5 , Iff 3}< 11 7 E « 7? ?£ o 
[ II * IH 9 ] 

tufH7x/N-;W7Xli. ftlOOW*^?>*^ 500WT3&5. II^SSfaiic^Taffic 
[ f t * « 1 0 ] 

HfJ IB 7 X • / W 7 X . *t] 3 0 0 W *^ P. ft 5 0 0 WT S s IS * S 9 IB «c O ffi o 

[ Iff * a 1 1 ] 

HufH7;i'77-^fi'^;i/B(i. eoo-c^fflo^figfT'iifflsn^. ll*S7ie«o:^ffic 

[ Iff * 31 1 2 ] 

tfiK7;i/77 • ^ y ^ jimii. mi^T mm-s n ?> . 11*311 i mmnismo 

7;b77 • ^y^!;P^>&¥Sft7x/N±icit«-r?.^ffilcfct^T : 
m I ^ \ y^^\H-^-. 7x/N±tcS{t^y^;^M*««-r§xx-y:/i: ; 
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-p T . mBSi y ^ )imit7;vy rm-V$>'h^^. ^ n tc J; D > 7 7 y • ^ v ^ ^ hu 
[ II * IM 1 4 ] 
iff«3S 1 3 |g«07?ffio 

[fi*s 15] 

II 1 3 f B « CI 7^ ?£ o 

[ i» * « 1 6 ] 

II 1 5 f B « W 75- jS o 
[ 1 « IS 1 7 ] 

^^fi-i/x/Nilc C u U T&t/iy - HS%iiffl-rS 73 aiC^JV^T : 

^i^^y/^rtT. ':7x/>±tc^ft^y^;i/«^ii«-r§x-r7 7"ii : 
tytH^'>^;Hi^fflv^Ti««^nfctulE'^x/N^||2^^y/Uc^3M-r?.Xr'y:/i:; 
tfifaig2f-^>^^l*lT. tijiagft:^'>^;Hl^aoT^y^;Hi^tta-r§Xr>y7'Tfe 
■3 T . ffi fa ^ >' ^ ;H1 A^" T ;b 7 7 $) § iU- ^ , ^ n (c J: 0 > tu IB x ± 7 7 r • 

^ y ^ ;i/ • 1; 7 « * « ffi -<r s . Hfi IB X -r -7 7 t ; 

c u U 7 & y ^> - F ^ tu IB 7 X _h it a 5 n S ci; 9 Hu E 7 ;!/ 7 r • y ^ ;l/ • 
U7li^W-3TC u-y-KH^iSW-r^Xx^yyi: ; 

[is«ifi 1 8 ] 

tufa® 1 ^:*->^l:^«7'7X-s'g^+ . tulBS 2 ^+ -r'j}- 

>{i:^H:/^Xvf-^ y t ^ E ■< ^ y it^ "7 X-r ^ ^ y A-h^ p> i& ^ mi)-' <i mu-^ n ^ . 
iSsRiHi 7faic07affio 

[ f » II 1 9 ] 

mm^ y ^ ji^mii. -^xm . 7x^ffiffl LTtfifa® 2 ^+ y/^rtT'iiffl?n§> fi* 

a 1 7 IB « CO 7? ?£ . 

[fi*is 2 0 ] 

MfBH 1 ^ ^ y/^&tfffifa® 2 ^ + Sa-r>i->{t7'^Xvf-^ yMT'fe§. fS« 

« 1 9 f a ic O 73 S o 
[fl*« 2 1 ] 

771/77 • i^^7l/«^^«^?^'^x/N±}Cii«-r SSffitcfcl^T : 

CVDffl^^>/^rtT, 7x/N±(cmiM^lt«T5X^>y7°t : 

iu IB il5' 1 lis ^ ffl T ffi « ^ n /c M IB 7 X /N p V D ffl ^ ^ y /Uc ^ jI -r § X -r -y 7 i: ; 

tulBPVDfflf-^y/^rt-eHulB®lM^at3T^>^;bM^«atSXr>y7°-r-fe-DT. 

tulB^>^7HlA^7;l/7rffl-efe?)^^. ^nicj;^. 7 Jl 7 7 ■ y fl^t'^mii'^ 

^^±^cmm^ . hu HH X x -y :/ i: : 

im^m 2 2 ] 

tulB^lllB. TiN. Ti S iN. TaN. W. WxNA^P>^§Sf*^?.g|l?$n?.. IS 

li 2 1 IB tSi O 7? a o 
[i*]|2 3] 

tuIBPVDffl^^y/^S. ^;ty^b^sy^Xv^^>/^SfcttSa^^>fk7^XN'f- 
^y/'^ish^. II*3S2 ifB«©7?iSc 
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[ftsRH 2 4 ] 

[ 5« Bj5 © H ft ] 
[ 0 0 0 1 ] 

^mn\t. « b T . » f* s s H ic H 1- § o M 1¥ IB t . * IS 0^ a . x • / w 7 

[ 0 0 0 2 ] 10 

M g R ffj tP m 

^^V^?;!/ (Ta) 200$?il?,ffl:ffififix (1 2-20x'^^P-;t-A-cm) 

©7;l/7r (i*^LN3i73Xabc c) ffl;«|gK (l 60-1 70V^^'D-:t-A-cm 
) O-^-^f (lETall^) ffi^&WrSo {g|g*l©7;l'77ffl©^. ^tltt. «?^/caiti» 
f* ffl }i O JIIC {i - ^ ffl J; 19 » S L 0 
[ 0 0 0 3 ] 

c ©ffiSKffl^j^fig-r siuwosffifi^ iB#HJ-;(±> 6 0 0 °c%«ax.§siST^>^';H 

[ 0 0 0 4] 

^ © i6 . i;^ * S ffi iJ: . ¥ » SiJ . fg rU T 7 ;b 7 r - 3? > ^ Bi ^ it a 1- S ?A S W # 
IS ^ S f 5 T ^ ^ ± T- 5 o W tc. ti^ Jti K ffi a . 7 X /^ • 7 X ^ ffi ffl T 5 t ic 
.fcO. 7;l/7r-i$?y^;l/M^tiat5?i)lie^¥IS/b^^£T§j^7-^3^^T$)§. 

[ 5S O « S ] 
[ 0 0 0 5 ] 

*5eB^iD-«i«icfci/^T.*»tt^x/A±ic7;i/7 7- ^y^;i/M;&±ia-r5:^a*^ffl« 

^n^So eOTjStt^ '^7X/N±lcg{l:^>^;l/^j««-rSXx-y:/. ■j7XM-/^ 30 

•i'7X^ffli^Tgf[:^>^;l/l^«oT^y^;l/«^iiaT5Xr>y7">^iix.§„ 
;m a , « « ^ n i: t . 7 ;]/ 7 r ffl ^ o T 1/^ § <D -r- . x /^ ± {c 7 /l' 7 r - ^ > ^ 
M iS « 5 n i. o 
[ 0 0 0 6 ] 

*5«BflOft!3©filtt{CfcV^T. C u U 7&t/~>- Fffl^¥»f*'i'X/N±(Ctt^lt-§;D?S*^ 
^fli^n^o il(D:^S{i. ->x;N±fcgfb^ >^;V»^±iffl-r ^Xx -y 7\ '^x/^•;W 

7x:&fflv^Tg{b^y^?;Hl;&ffl:3T^fy^;i/B^itat^Xr-y:/, 

ll{i7;P7 rffl^OT. '>x/N±fc(i7;i/7 r - T a /tu 7li*^««$n§<, ^V^T. c 

ui/-FMa, ^©tt. 7;l'7r-^>^?;l/-/^U7)i^ar3Tliffl?nSo 
[ 0 0 0 7 ] 40 
*f«0i5©M^^«l«(C*3l^T> 20CD^^y/^®il^fflV^T. ^ti#^*7xy^±^c7;l/7r 

o -^7 X /N ± ti « -r 5 X 7 7 . a fk ^ > ;b Si -f- it a ^ n 7 X ^ 2 ^ ^ y tc 
^^iMt-?)X7'y7. S2^^>/^rtT-afl:^>^;Pfli^aoT^f>^;UM^iia-ri.Xr 
>y7^{i^§. ^y^^PMJi. ii«$n§i:t. 7 ;i/ 7 r ffl ^ <o T-, xm± {c a 7 ;i/ 7 

[ 0 0 0 8 ] 

tfz. * 56 Hj^ © Mi ^ ffi O 1 « K *5 T , 2 -3 ^ ^ 7 M a ^ ffl 1/^ T . C u U 7 & tf" 
7- Fll^iti§f*'^X7N±tClta-r §^ffi*^~iiffi?tl5o ilOT^ffia. ^l^-V7/^rtT 

•>xM±t^^t:^7^;i^^ii«-rsx7-y7. Sfk ^ > ^ ;b $ n /c >:7 x/N^&m 2 ^ 50 
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V 7 mffmm-^ c u iy~ ¥ mitr jiy r - ^ y )]y ■ ^^v rm^m-^rmm^n^o 

[ 0 0 0 9 ] 

S /c . * 0j5 o H ^ ?> BiJ © fil « (c T . » # X ± 7 ;b 7 r - > ;H1 * li « 
Xr'y7\ l|lMT-±l«$n/c7xM^PVDffl^^y/^t^3m-5Xr-yy. PVDfii 
7;l'7Tffl?5:(?)t?> >>x/N±ic{i7;l'7r-^y^f;Hl;^^««2n§c 

[00 1 0 ] 

[001 1 ] 

^^miis 7x/^■yW7X>&fiffl-r5^:^^cJ;^). fg?ST-7;l/7r-^>^;H^lt« 
■r S 7? S M -r o c n < 7 ;b 7 r ^ # is tu 7 x /% • / w 7 x is W t j?j i^I 
§ i: 9 « ^3 IE T $1 § o U 7 M ( T a ) C> Jfi Si ( 7 7 r tg ) . « IS © IE 

[0012] 

* 5« 0^ © - * )1 ff^ iUc ^ 5 ^ ffi . T a N . T i S i N . ^ V^ . T i N © M . ^ O 

M<^>^7i' (Ta) (Dmmm^mmt y -ficm^mt 7;^7r^g^y^;^offi 
T&^o ^ y }\^w.mm\t. ts^^nsi:^. 7;i/7 r ffloj^^** c^sssoga^Mg 

[0013] 

t;!*<De« t JrtiRI-S i:. *l«0^<D7jffi (i. 7XM • 7W7X^ffiffl1-5;: i:{Cj; 6 
0 0°C^a^§raaJ;^)tr/WX3iiJ{^i:^^#nIfi6*S?aTMfiSta©7;l/7rffi^>'^;l' 

[0014] 

=i(Dfz^. 1)5 a L /c i 5 {c . * f6 © - « . # 7 X /^ ± 7 ;b 7 r • :/ ^ ;V IS 

*iia-rs7^stc[fe]tte)nTv^So co^^jaa. g{b^y^;^l^7x/^±icit«1-;5x 
f- 'y 7 t . ^ CD m , 7 X /^ • / w 7 X * ffl i.^ ± le S fk ^ y ;b Si ^ H -3 T y ^ ;i/ fli ^ it 
||-r§Xx-y7t. ^fix?>o ^'y^^yl'Siti. 7;y77+I^OTs 7x 

[0015] 

#tc. ^>^;l/Mii2Xx>y7': 7x/A-/W7X%ffll^T^lt^>^;Hi^aoTi$'y 
^;l/M^±ia-r5Xr-y T'T'feoT. ± IH ^ > ^ M 7 7 7 ffl $ 5 . ±lEXT-y:/ 
; ±IH^ >^;l/^>^?i«-rsxx>y : -piiffl^n^o ^ O ct ^ t T ^ i: J; . 7 ;l/ 

7 7 • > 7 X /N ± It « $ n 5 o 7 X /N • / W 7 X , 1 0 0 W P) » 5 0 

0 W T $) D , <i; D m f* W « . 3 0 0 W 1^ 5 0 0 Wt? S o i D l¥ ffl tc . 7 ;b 7 
7 • > ^ ;HI ^ it S f § ^ (c {£ ffl $ n 5 S a « . tj£ * K ffi tc 33 tt 5 6 0 0 °C J; # m tc 

fg < . II . s g ^ $> 5 o 

[0016] 

*??H«cDffi£Dil«iS. C u U 7&t>-5/- Fli^4^»i*7x/N±{citaT§7?ffi-pfe 5o 
i:©7a?*«^ g{l:^y^?;H1^7xy\±lcit«t-?.Xr<y7°i;. 7xMwW7X^fflv^ 
Jiia^<l:^>^;l/Jl*aoT^>:5f;l/*lt«-r?.X7^-y7T'feoT. ±fai?>3';l/JiA^7 
;l/77ffl-t:fe§ii^l<:{i. ^titc<fcD. 7;l/77-^>^;b*±i«-rs. HfilSXT-y7i: 

[0017] 
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x-T'y^; ±m y ^ }i m ^ mm-^ ^ ^ 7. y y : -etta^nso ^<d j;: o ic-r ^ c tie 

iD. 7;b7T-^'>^?;Hl*^^±tB'>x/N±icit«$n?.„ -i^x/N-zwrxfi. ^lo 

. 7 ^ly 7 ■ ^ y ^ )vm^mmr ^^iciim-s n^'u&^^t . & o o "c^mv & ^ . mx.if 

[0018] 

^f^mo^^Kmo^mmi^. 2 oc/^g^^ y/^Saa^fflv^. it^#i*'^x/N±ic7;i'7 7 • 
^;v^^i««TS^ffitc[^it^nTv^So ii(D:^a(i, ^ 1 ^-v y/-?rt-T:->?x/N±tcg{t 
^y^;Hl^««r§Xr>y7'. g{[:^>^';Hi^fflv^Tiii«$n/c'i7x/N^^2^^> 
/Uc^iMTSXr-yy. S!2^+>/^F*g-?:-S{t^y^f;l/fli;&«^T^>^7l'^^«a-r§ 
Xr>y y^ii^i-o ^'^^yl'Mti^ mm-^ t% . 7;l/77'tllc3&?>cDT. 7;i/7r- 
^y^;l/KA^'i7XM±tciSa?n5o 

[0019] 

mif-^>/NH. -Y 4- >ft;^M 7^ Xv^ ^ > AT i i^*^ l|2f--y>/Ui, -f ^ 
y{l:^ll75'Xvf-^>Afe§v^figa1'^>'•^l:77Xvf■^>/^■z?$>?.o 

^> -j^xM . 7W7x;&fflv^T® 2 ^+ y/^rtfcita^nSo 

[0020] 

S/t. SfC*5gB^(0ffiO^1t(i> 2 -^O^^ y/^Ma^fflV^T. C u U 7&0*:i/- FS 

;&^#3Si*7xM±tciia-r s;^ffitc[p]ite)nTt/^5o ccdt^jsh. ^i^ + y/^rtT-^x 
/N±tcg{b^?>^?;n^ii«rsxr7 7. ifb^y^;i^s%fflv^Ttt«$nfc±fa'^x 
/N^^'z^^yAc^jM-r^xx-yy. ^2^+>/^rt-r'^fb^y^;^«%«-pT^y^ 

;b /§ ^ « « t- X f- «y 7 -e o T . ± bE ^ y ^ ;1/ S 7 ;!/ 7 r ^ « ^ {c 7 ;l/ 7 r 
• ^ • Aij 7li^'>x7N±ic±i«-rs±fEXx>y 7. T?iy r • ^ > ^ • u 7 

li^ffl-p T C u S'- Kll^««'r § Xx >y 7. ^m^^o 
[0021] 

Ittc. ^l^A-y/Wi. y{b^M7^ Xv^i- y/ST ^2?^y/'?{i. ^ ;j- 

>fk^/B7^Xv^+>/^fe;|,iM±Sa^:i->'fl:77Xv5^^y/^t?fe§o'f-^#^B^tc. 
S 1 >A~&t;m 2 y/'tOM^i: g a ^ > {b 7 ^ X v ^ >' T cfc 1^0 O 
tf^. ^>'^;Hi{i. 7X7N . M^7x;&fflv^T^ 2 ://^F«3tit«?nSo 
[0022] 

S/cM(c. *?gBiicDffiOSI^{±. ^|iaii*7x/N±lcy;1.7r • y ^ m ^ mmt ^ 'A 
tC[ii]tj-e>nTV^?.o Cc07^ri(*> CVDffl^^y/^rtT'7x/N_h(cM51{i?:jta-r?.X-r 
-y7i:. ^lM^fflv^TiSa^nfc■>xz^;&PVDffl^^>/U^^3M■rsXx-y7i:. P 
VDffl9"^>ArtTlgl^^«t3T^>^;l/M^J«a-r§Xx>y7^. ^ffi^^o 

;imii. mm^ 1 1 . 7 ;iy rm^jinx. 7 jiy 7 ■ y :r.;^±Kmmt 

n 5 o 

[ 0 0 2 3 ] 

#1C. ^Uia. TiN. TiSiN. TaN. W, VyxNTt-tV^o PVDfflf--v>/^ 

a, ^^y{b^M7^Xv (IMP) ^ + >/^sgv^(iia^:^->{b7^Xv (s i p) ^ 

■vy/^TSSo 7x/Nti, *3;ftiT'CVDffif-+>'/^*^S>PVDffl^^>/^ 

^ ^ n o 

[ 0 0 2 4 ] 

5S; tc 2^ Bi^ PS £ -r § ^ g 0 $ n T t,^ t/^ o 

1 ] 

[ 0 0 2 5 ] 

Tata«XT-y74'ti:fett5/W7X^ffll^fc7;l/77ffl'0ff^fig 
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5 ■3®SJl^t>y;b*UXTOJg«|-efflM?n/c : l O O a cD T a N n/co ^(D'ik 

p.5oowop^-e^M$nfco ^gi5<D-9->y;ufi. mmmm (pvd) w^^m^^^^^ t 

[ 0 0 2 6 ] 

*g ^ . ^ ^ © ?! s *^ II B n o ± ffi )S ffi T ^ It -r 5 c t * /T^s -r ( s 1 # ?s ) o m(Dm 

[ 0 0 2 7 ] 

EI2RU'03tt. (SaT^tt). ^^^^^^l/HT-zWrXi^^ffiffl^n^V^H^ (OW) 7;l/7Tffl 

A^jf^fiSt^n^v^it^^-r (Rs>60Q/sq) . owA^7XTB. mm^ ^ y )i'm 

(C # ft b I V'S a S -r $ T- $1 o /; ( 0 3 # PI) o u n (i . x it 0 W ( X R D ) w ^ 

A^p. -tais^n/co 1 0 0 wospf -e/w 7 x^igip-r 5 t , 2 5 q /sq-egjtffl s t-. 

si©->- hfiK*^¥iiiiciS'>-r s u t A^tis^ti/c. x s is] jjt i=jt a 
. 7;V77ffifC)t^jtS-r§b°-i/3fififfiAM 0 owul^tc®i<igipt-§i: t;&.T^L/cc b 

L. 3 0 0 W;&S;^;5/^-r7X*^<^ffl$n§ tT-. ^5? y ^;I/«lC(ig^A^fgM$n*A^^ 
fc cnti. /W7X*s7;l/7rffl(D«figtcSit^-r5±®:&77^^T'fe§ii i:;&^-rt 
OT^So /^'l'7Xlc J; 0 t fc: P, $nfciftX^;l/^^^;i-y(D«^{i. ^ tc. -^-^ ( 
lE^^B^) A^e.7;l/7r (#:>L^±I^Sfc{ibcc) © ^? ^ ^? ffi O ^ ^ ^ < . L *^ L . 

in 7 ;b 7 7 ^1 O ff? fig % ^ ^ » < c t T- 1 C ?$ ^ n fc o 
[ 0 0 2 8 ] 

x^i:p:iJ/TXT'y7'4'fi:ffiffl$nfc/W7X©Eni)nicj;t). Tlcife;^! a NM*^?.g^^^ 
St§ u i: A^'S^tc^Sc L*>L. i:na> 0 3 T^^ns J; 9 iS/W7XU-<;l/ ( 
f ^ ti . > 3 0 0 w ) B# fc tfr- ^fe c § o 

[ «6 f ij 2 ] 
[ 0 0 2 9 ] 

^^XSiitirtT. ilea, ^-y-yh (f^t)-^. ^ )\^m) iDI<]l-2mm±7:tC 

B *^ n ?) o ffi 5 > w ( ^ - y' -y h « En to ? n /c D c « ^ CO /c i6 a « fu ^ tb -r ) s ^ 
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METHOD OF OBTAINING LOW TEMPERATURE ALPHA-Ta 
THIN FILMS USING WAFER BIAS 



BACKGROUND OF THE INVENTION 

Field nf thn Invdntinii 

The present invention relates generally to the field of 
20 semiconductor manufacturing. More specifically, the present 
invention relates to a method of obtaining low temperature 
alpha-Ta thin fihns using wafer bias. 



or bcc) phase and a higher resistivity (160-170 micro-ohm-cm) 



25 




low resistivity (12-20 



Tantalum (Ta) metal has two crystalline phases: the 
vity (12-20 micnw)hm-cm) alpha (body centered cubic 
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SUMMARY OF THE INVENTION 

25 

In one aspect of the present invention, there is 
provided a method of depositing an alpha-tantalum film on a 
semiconductor wafer. This method comprises the steps of 
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The tantalum filra as deposited is in alpKa phase so that an alpha- 
tantalum film is deposited on the wafer. 

In another aspect of the present invention, there is 
provided a method of depositing a Cu barrier and seed layer on a 



wherein the tantalum layer is in alpha phase, thereby depositing 
an alpha-Ta barrier layer on the wafer. Subsequently, a Cu seed 
layer is then deposited over the alpha-tantalum barrier layer. 

In still another aspect of the present invention, there 
is provided a method of depositing an alpha-tantalum film on a 
semiconductor wafer using a two-chamber process. This method 
comprises the steps of depositing a tanialum nitride Fiim on a 
wafer in a first chamber; transferring the wafer deposited with 
the tantalum nitride film to a second chamber; and depositing a 
tantalum film over the tantalum nitride film in the second 
chamber. The tantalum film as deposited is in alpha phase, 
thereby an alpha-tancalum fllm is deposited on the wafer. 

In yet another aspect of the present invention, there is 
provided a method of depositing a Cu barrier and seed layer on a 
wafer using a two-chamber process. This method 
: steps of depositing a untalum nitride layer on a 
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chamber, wherein the lantaluin layer is in alpha phase, thereby 
depositing an alpha-tantalum barrier layer on the wafer; and 
depositing Cu seed layer over the alpha-taatalum barrier layer. 



In still yet another aspect of the present invention, 

semiconductor wafer. This method comprises the steps of 
depositing a first film on a wafer in a CVD chamber; transferring 
the wafer deposited with die Hrst film to a PVD chamber; and 
depositing a tantalum film over the first film in the PVD chamber. 
The tantalum film as deposited is in alpha phase, thereby an 
alpha-tantalum film is deposited on the wafer. 

Other and further aspects, features, and advantages of 

the present invention will be apparent from the following 

description of the embodiments of the invention given for the 
purpose of disclosure. 



BKIEF DESCRIPTION OF THE DRAWINGS 



others which 



(18) 



JP 2004-525257 A 2004. 8. 19 



invention briefly summarized above may be had by reference -lo 

appended drawings. These drawings form a pan of the 
to be noted, however, that the appended 
;mbodiments of the invention and therefore 
d limiting in their scope. 



Figure 1 shows the result of Scanning Auger analysis 

rom the top of the bilayer film to the bottom. The first 
e film is Ta with - 13% nitrogen. This is followed by a 



The third regior 



layer (in bilayers) on sheet resistance in the tantalum overlayer. 
(A): Peak intensity, (■): Uniformity, and (♦): Rs. Rs: sheet 



Figure 3 shows the effect of bias used in the tantalum 
layer (in bilayers) on nitrogen content in the tantalum overlayer. 
(■): Rs., («): concentration (%) of nitrogen in tantalum 

Figure 4 shows (he effect of bias used in the 
tantalum layer (in bilayers) on sheet resistance in the tantalum 
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overlayer. wherein ihe effects are compared between conditions 
with Magnst 1 and Magnet 2, separately. 

Figure 5 shows the X-ray defraction (XRD) results 
5 demonstrating that alpha-Ta niin is formed by depositing PVDTa 
on CVD TiSiN. The XRD spectrum shows peaks at 38.5' and 55.6°, 
which are characteristics of alpha-Ta. 

Figure 6 shows the X-ray defraccion (XRD) results 
10 demonstrating that alpha-Ta film is formed by depositing PVD Ta 
on CVD TiN, indicated by the alpha-Ta peaks in die XRD 



Figure 7 shows the X-ray defraction (XRD) results 
IS demonstrating that a film is formed by depositing PVD Ta on 
Si02. No alpha-Ta peaks arc found in the XRD spectrum. 



20 DETAILED DESCRIPTION OF THE INVENTION 

depositing alpha-tantalum films at low temperatures by using 
wafer bias. This is the first demonstration that wafer bias can be 
25 constructively used in obtaining the alpha-phase. The low 
resistivity (alpha-phase) of the barrier fibn (Ta) is important for 
reducing the net resistance of Ihe structure, and providing a 
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better barrier/seed stack for the subsequent electroplating fill 

The method of one emboditneni of the present 
5 invention involves depositing a film of TaN. TiSiN or TIN followed 
by an overlayer of tantalum (Ta). The low resistivity alpha-phase 
tantalum can be formed by using bias during the step of 
depositing tantalum overlayer. The tantalum overlayer as 
deposited has a low concentration of nitrogen thai results in the 
10 formation of the alpha-phase. 

Compared to the state-of-ait techniques, the present 

pliase tantalum to form at room temperature, which is more 
15 compatible with device fabrication than temperatures of over 
600'C. 

Therefore, as described above, one aspect of the 
present invention is dtiected to a method of depositing alpha- 
20 tantalum film on a semiconductor wafer. This method comprises 
the steps of depositing a tantalum nitride film an a wafer- and 
then depositing a tantalum film over the tantalum nitride film 
using wafer bias. The tantalum film as deposited is in alpha 
phase, accordingly, an alpha-Untalum film is deposited on the 



Specifically, the Untalum film is deposited in two 
steps: depositing a tantalum film over the tantalum nitride film 
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using wafer bias, wherein the tantalum film is in alpha phase; and 
nucleating the tantalum film. By doing so, an alpha-tanialum film 
is deposited on the wafer. The wafer biai is from about 100 W to 
about 500 W. more specincally, from about 300 Wto about 500 
W. More specifically, the temperature used for depositing the 
alpha-tantalum film is very much lower than the eiWC as in prior 
art techniques, and can be, for eiaraple. at room temperature. 



I alpha phase and ther 



r is then deposited o 



Specifically, the tantalum layer is deposited in two 
20 steps: depositing a tanulnm layer over the tantalum nitride layer 
using wafer bias, wherein the tantalum layer is in alpha phase; 
and niicleating' the tantalum layer. By doing so, an alpha- 
tantalum layer is deposited on the wafer. The wafer bias is from 
about 100 W to about 500 W and, moie particularly, from about 
2S 300 W to about 500 W. More specifically, the temperature used 
for depositing the alpha-tantalum layer is lower than 600°C, and 
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'o-chamber process. This method 
ferritlg the wafer deposited with 



The tantalum film as deposited is in alpha phase, thereby an 
alpha-tantalum film is deposited on the wafer. 

Specifically, the first chamber can be an ionized metal 
plasma chamber, while the second chamber is either an ionized 
metal plasma chamber or self ionized plasma chamber. 
Alternatively, both first and second chambers can be self ionized 
IS plasma chambers. In this case, die tantalum film is deposited 
using wafer bias in the second chamber. 



semiconductor wafer iising two-chamber process: This method 
comprises the steps of depositing a tantalum nitride layer on a 
wafer in first chamber; transferring the wafer deposited with the 
tantalum nitride layer to second chamber; depositing a tantalum 
layer over the tantalum nitride layer in second chamber, wherein 
the tantalum layer is in alpha phase, thereby depositing an alpha- 
tantalum barrier layer on the wafer; and depositing a Cu seed 
layer over the alpha-tantalum barrier layer. 
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The following examples are given for the purpose of 
illustrating various embodiments of the invention and are not 
23 meant to limit the present invention in any fashion. 
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10 Torr by using the physical vapor deposition (PVD) technique. 
After deposition, the samples were then analyji^d for the nitrogen 
content using the Scanning Auger Technique. 

The result shows that the concentration of nitrogen 
13 changes from the top of the bilayer film to the bonotn (see Figure 
1). The first part of the film is Ta with - 13% nitrogen. This is 
followed by a transition region which corresponds to the 
interface between the TaN layer and the Ta layer. The third 
region is the TaN layer which has roughly 25% nitrogen. 

20 

Figure 2 and Figiirx 3 both show that lyhen no bias is 
used in the tantalum layer (0 W), the alpha phase U not formed 
(Rs > 60 ohm/sq). It was noted thai nitrogen is also absent in the 
tantalum layer at 0 W bias (Figure 3). This was also confirmed 
25 from x-ray diffraction (XRD) studies. Increasing the bias in steps 
of 100 W, the sheet resistance of the film was observed to come 
down monotonically till it began to plateau out at - 25 
ohm/square. X-ray diffraciion analyses showed that the peak 
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Pffrft nf Magiirt tin rhi. Tii Ph..!-. Bnrmilrinil 

The magnet is placed about 1-2 mm above the target 
(i.e., tantalum film) in a non-vacuum environment. The magnet 
25 generates a magnetic field which coupled with the electrical field 
(the target develops a negative potential due to the applied DC 
power) accelerates electrons and ions resulting in sputtering the 



12 
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magnsis were experimented: Magnel 1 and 
two magnets differed in the kind of pole pieces 

'■ Additionally some mechanical design changes 
n Magnet 2 compared to Magnet 1. Overall, 
e powerful than Magnet 1 as far as ionization is 



The effect of magnet' on the Ta phase formation is 

both Magnel 1 and Magnet 2. and the effect of both magnets were 
evaluated and compared. Magnet 1 curve reflects the data that 



It is shown that complete formation of the alpha 
phase in the Ta results in films having a sheet resistance <Rs) of ~ 
30 ohm/sq or less. For Magnel I the threshold bias (during the 
Ta deposition step) is -300 W, while for Magnet 2 the threshold 
bias is 100 W. These data indicate that by stutably modifying the 
magnet it is possible to push the threshold Ta bias to lower and 



couples with the wafer bias. Figure 4 shows that the alpha phase 
formation results even at 100 W of bias with Magnet 2, while with 
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Magnet 1 al least 300 W of bias is required. This shows that bias 
couples better with the plasma for Magnet 2. 



In this experiment, two samples were processed. TaN 
10 (-100 A) was deposited on both wafers with 500 W wafer bias. 

layer was broken into two steps: a S-second step (step I) and a 7- 

step I and with bias in step 2. Sample 2 was processed with bias 
15 in step 1 and no bias in step 2. All other processing conditions 
were the same for both samples. 

The experiments in Example 1 demonstrated thai use 
of bias during the tantalum step results in the formation of low 

20 resistivity alpha phase and absence of bias results in beta-phase 
formation. Is the present Example, the results demonstrate that 
once the alpha-phase is formed in the tantalum layer, the 
subsequent tantalum layer deposited will have the alpha phase in 
it irrespective of whether bias is used or not (see dau from 

2S Sample 2, Table 1). In the same vein, once the beta phase is 
formed in the Untalum layer, the alpha phase will not be formed 
in the subsequently deposited tantalum layer (see data from 
Sample 1, Table 1). 
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Tlie above experimcnis show how alpha or beta 
10 tantalum can be grown epitaxially. The conclusion is Uial not in 
of the tantalum layers (in a bilayer) need to be deposited with 
bias in order to form an alpha (or beta) phase. What is needed is 
a nucleating tantalum layer that already has the alpha phase is it. 
The rest of the tantalum film deposited on top of this layer will 
IS form the alpha phase even if no bias is used. 



EXAMELEU 

20 The Rffecl nf a Two Chamher Process nn the Fnmiminn nf thr. 
Alpha-Tn PhaKf 

Five different combinations were used to deposit the 
TaN and tantalum layers. The TaN underlayer was deposited in 
15 
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SIP TaN (bias) 



SIP Ta (no bias) 
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Alpha Ta can also be obtained by first depositing TiN 
5 or TiSiN in a CVD chamber, then transferring the wafer in vacuum 
to a PVD Ta chamber (IMP or SIP) for the Ta deposition. TiN film 
of about 30-30OA is deposited in a CVD chamber (e.g., Applied 
Materials TxZ CVD chamber, US Patent No. 5,846,332 & US Patent 
No. 6,106,625). The wafer temperature is 350»C using letrakis- 
10 dimcihyl-amido titanium (TDMAT) as precursor. The deposited 
film is then treated with plasma and SiH4 soak to form TiSiN. Ta 
of 250A is then deposited in IMP Ta chamber with 1 kW target 
power, 2.5 kW coil power and 350 W wafer bias with 50* duty 

X-ray diffraction (XRD) results showed that the Ta 
film formed is in alpha phase when PVD Ta is deposited on CVD 
TiSiN or CVD TiN (Figures 5-6), while no alpha-Ta is formed when 
PVD Ta is deposited on Si02 (Figure 7). Besides TiN or TiSiN. the 
20 CVD film may also include TaN, W, and WxN. 



One skilled in the art will readily appreciate that the 
present invention is well adapted to carry out the objects and 
25 obtain the ends and advantages mentioned, as well as those 
inherent therein. It wiU be apparent to those skilled in the art 
that various modifications and variations can be made in 
practicing the present invention without departing from the spirit 
17 
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or scope of the inveniion. Changes therein and other uses will 
occur to those skillet) in the art which are encompassed within 
the spirit of the invention as deflned by the scope of the claims. 
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4. The method of claim 3, wherein said wafer bias 
25 is from about 300 W to about 500 W. 
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5. The meihod of claim 1, wherein said alpha- 
tantalum film is deposited at a temperature of lower than 600»C. 



6. The method of claim 5. wherein said alpha- 



depositing a tantalum nitride layer on a wafer: 
depositing a tantalum layer over said tantalum nitride 
layer using wafer bias, wherein said tantalum layer is in alpha 
phase, thereby depositing an alpha-tantalum barrier layer on the 

depositing Cu seed layer over said alpha-tantalum 
barrier layer, thereby Cu barrier and seed layer is deposited on 
the wafer. 



8. The method of claim 7, wherein said tantalum 
layer deposition step further comprising the steps of: 

depositing a untalum layer over the tantalum nitride 
layer using wafer bias, wherein said tantalum layer it in alpha 
25 phase: and 

nucleating said tantalum layer, thereby an alpha- 
tantalum layer is deposited on the wafer. 
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9. The method of claim 8, wherein said wafer bias 
is from about 100 W to about 500 W. 



10. The method of claim 9, wherein said wafer bias 
is from about 300 W to about 500 W. 



11. The method of claim 7. wherein said alpha- 

600»C. 



12. The method of claim 11. wherein said alpha- 
tantalum barrier layer is deposited at room temperature. 



13. A method of depositing alpha-tantalum film on a 
depositing a tantalum nitride film on a wafer in a first 

chamber: 

transferring the wafer deposited with said tantalum 
nitride film to a second chamber; and 

depositing a tantalum film over said tantalum nitride 
film in said second chamber, wherein said tantalum film is in 
alpha phase, thereby an alpha-tantalum fibn is deposited on the 
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14. The method of claim 13, wherein said fiisi 
chamber is ionized metal plasma chamber, and said second 
chamber is selected from the group consisting of ionized metal 
5. plasma chamber and self ionized plasma chamber. 



13. The method of claim 13, wherein said tan 
is deposited using wafer bias in said second chamber. 



The method of claim 15, wherein said first a 
rs are self ionized plasma chambers. 



ZO transferring the wafer deposited with said tantalum 

depositing a tantalum layer over said tantalum nitride 
layer in said second chamber, wherein said tantalum layer is in 
alpha phase, thereby depositing an alpha-tantalum barrier layer 
2S on the wafer; and 

depositing Cu seed layer over said alpha-tantalum 
barrier Uyer, so bat said Cu barrier and said seed layer is 
deposited on the wafer. 
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18. The method of claim 17, wherein said first 
chamber is ionized metal plasma chamber, and said second 
chamber is selected from the group consisting of ionized metal 
5 plasma chamber and self ionized plasma chamber. 



1 9. The method of claim 17, wherein 
is deposited using wafer bias in said second d 



20. The method of claim 19, wherein ! 
second chambers ate self ionized plasma chamber. 



lod of depositing alpha-tantalum film on a 
mprising the steps of: 
ing a fint film on a wafer in a CVD chamber; 
Tring the wafer deposited with said first fibn to 



1 tantalum film over said first film in said 
PVD chamber, wherein said tantalum film is in alpha phase, 
thereby an alpha-tantalum fihn is deposited on the wafer. 



22. The method of claim 21, wherein said first film 
! selected from the group consisting of TiN, TtSiN, TaN, W. and 



23 
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The method of claim 21, wherein said PVD 
ionized mcul plasma chamber or self ionized 



f claim 21, wherein the wafer 
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FIG.1 
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FIG. 3 
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FIG. 4 
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